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Summary
In the Drosophila early embryo, the centrosome coordinates
assembly of cleavage furrows [1–3]. Currently, the molecular
pathway that links the centrosome and the cortical microfil-
aments is unknown. In centrosomin (cnn) mutants, in which
the centriole forms but the centrosome pericentriolar mate-
rial (PCM) fails to assemble [4, 5], actin microfilaments are
not organized into furrows at the syncytial cortex [6].
Although CNN is required for centrosome assembly and
function [4, 6, 7], little is known of its molecular activities.
Here, we show the novel protein Centrocortin (CEN), which
associates with centrosomes and also with cleavage
furrows in early embryos, is required for cleavage furrow
assembly. CEN binds to CNN within CNN Motif 2 (CM2),
a conserved 60 amino acid domain at CNN’s C terminus.
The cnnB4 allele, which contains a missense mutation at
a highly conserved residue within CM2, blocks the binding
of CEN and disrupts cleavage furrow assembly. Together,
these findings show that the C terminus of CNN coordinates
cleavage furrow formation through binding to CEN, thereby
providing a molecular link between the centrosome and
cleavage furrow assembly.
Results and Discussion
The CM2 Domain of CNN Is Required for Cleavage Furrow
Assembly Independent of MTOC Activity
The mutant protein encoded by cnnB4 (Figure 1A and
Figure S1A available online) was reported to localize to centro-
somes; yet the mutation was maternal effect lethal and
embryos were deficient in cleavage furrow assembly [6]. This
finding indicated that the conserved domain at the carboxyl-
terminus of CNN is necessary for a critical function of centro-
somes: the organization of actin into cleavage furrows. We
examined the centrosomes in cnnB4 embryos and neuroblasts
to assess the microtubule-organizing center (MTOC) activity,
as well as to re-examine CNN localization and actin furrow
formation in this point mutant. We found that CNNB4 was
expressed in embryos at levels similar to those in wild-type
(Figure 1B) and localized to centrosomes as previously
reported [6], but had a looser centrosome association
compared to wild-type CNN (Figures 1C and 1E and Figures
S3–S5). Regardless of CNNB4 mutant protein localization to
centrosomes, cnnB4 embryos exhibit the linked-spindles
phenotype characteristic of cnnhk21 (null) embryos (Figures
1D and 1E); such a result is further indication of defective
*Correspondence: timothy.megraw@utsouthwestern.educleavage furrows. Furthermore, in cnnB4 embryos some PCM
markers had a looser association with the centrosome in
comparison to wild-type (Figures S3–S5). Despite this PCM
defect, cnnB4 centrosomes were very efficient MTOCs,
producing robust astral microtubules similar to wild-type
centrosomes (Figure 1E and Figures S2 and S4).
To assess the kinetics of microtubule assembly from cnnB4
centrosomes, we performed a microtubule regrowth assay
in larval neuroblasts (Figure S2). The cnnB4 centrosomes
assembled astral microtubules at prophase rapidly, similar to
wild-type centrosomes. In contrast, no astral microtubules
assembled in cnnhk21 mutant neuroblasts, where the MTOC
activity of the centrosome is severely deficient [4]. Moreover,
the microtubule nucleation and assembly factors g-tubulin,
D-TACC, and Msps were localized to cnnB4 centrosomes
(Figures S3–S5). However, CNNB4 localization is more disperse
than wild-type, and the level of CNN signal at these centro-
somes was w28.8% higher compared to that of wild-type
(Figure S3). The dispersed CNNB4 PCM may expose more
surface area for antigen sites upon antibody staining, making
the level of CNN at centrosomes appear artifactually higher
in cnnB4 embryos. Nevertheless, it appears that the level of
CNNB4 is not less and may even be greater than wild-type
CNN at centrosomes. In contrast, the level of g-tubulin at
cnnB4 centrosomes was w30.5% less compared to that in
the wild-type (Figure S3).
Central spindle and astral microtubules are important for
furrow assembly at cytokinesis [8, 9]. Therefore, the role of
the centrosome in actin organization at the embryonic
cortical membrane may rely on the MTOC activity at centro-
somes. However, despite the proficient MTOC activity at
cnnB4 mutant centrosomes, furrow assembly was severely
deficient (compare Figure 1F to Figure 1G). Thus, MTOC
activity per se is insufficient for the proper assembly of actin
into furrows at mitosis; such a finding is consistent with
previous experiments indicating that MTOC and actin-orga-
nizing activities may be partly separate activities for the
centrosome [10]. However, given that microtubules are
required at anaphase for cleavage furrow assembly in the
following prophase [11], we cannot exclude the possibility
that qualitative features of the microtubules or alterations in
their dynamics are altered at cnnB4 centrosomes. Further-
more, in contrast to cnnhk21 null embryos, which lack any
perceptible actin organization at the cortex [6, 12], cnnB4
centrosomes were partially competent to organize actin into
cleavage furrows, attesting to the hypomorphic nature of
this mutation.
The CM2 Domain of CNN Interacts with Centrocortin
The cnnB4 point mutation resides in CM2, the conserved
C-terminal 60 amino acid domain of CNN (Figure 1A and
Figure S1A). Thus, CM2 is essential for CNN function in vivo,
specifically for cleavage furrow assembly. How centrosomes
coordinate furrow assembly with the cleavage cycle at the
cortex is unknown, but we reasoned that proteins that asso-
ciate with CM2 may mediate this function. Therefore, we
screened for interacting partners of CM2 in order to discern
the molecular signal conveyed from the centrosome to the
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as bait in a yeast two-hybrid screen, we identified one interact-
ing partner encoded by a cDNA for theCG1962 gene, which we
hereafter refer to as centrocortin (cen) because of the associ-
ation of CEN protein with the centrosome and the cortex (see
below). In the two-hybrid assay, the CEN-CNN interaction was
reduced when the CNNB4 protein was tested (Figures 2A and
2B), suggesting a functional link between CEN-CNN associa-
tion and CM2 function.
cen is an uncharacterized gene with orthologs in mammals
including two in humans: cerebellar degeneration related-2
(Cdr2) and Cdr2-like (Cdr2L)/Cdr3 (Figure 2C and Figure S1B).
Cdr2 is an autoimmune antigen targeted by ‘‘anti-Yo’’ anti-
bodies associated with paraneoplastic cerebellar degenera-
tion [13]. CEN is a 790 amino acid protein with a highly
conserved 110 amino acid domain near its amino terminus.
CEN is similar to human Cdr2L and Cdr2 (Figure 2C and
Figure S1B), and to orthologs found throughout metazoans
(not shown), within this domain. Cdr2 is reported to bind to
the transcription factor Myc, sequestering it in the cytoplasm,
through the association of the helix-leucine zipper motifs of
Cdr2 and Myc [14]. CEN, however, does not contain a pre-
dicted leucine zipper in the conserved domain, appearing
more similar to Cdr2L in this regard, and therefore may not
share the Myc-binding property of Cdr2. Other than Myc inhi-
bition, the function of Cdr2 remains largely unknown, and no
activity has been attributed to Cdr2L.
To further verify the interaction between CNN and CEN, we
performed coimmunoprecipitation from embryo and S2 cell
lysates. We detected a weak association between CNN and
CEN with this assay, but this was inefficient regardless of
varied attempts and buffer conditions (Figure S6). We suspect
Figure 1. Centrosomin Motif 2 Is Required for
Cleavage Furrow Formation Independent of
Centrosome Localization
(A) Schematic drawing of CNN showing
the positions of predicted coil-coil regions in
blue, Centrosomin Motif 1 (CM1) in orange,
and Centrosomin Motif 2 (CM2) in green. The
position of the missense mutation in cnnB4 is
indicated.
(B) Western blot for CNN shows that CNNB4 is
expressed at levels similar to wild-type CNN.
Proteins expressed by cnnhk21 and cnnmfs2, trun-
cations at amino acid positions 105 and 947,
respectively [7], are shown for comparison.
a-Tub was used as a loading control.
(C–E) Wild-type and cnn mutant embryos were
stained for CNN, a-tubulin, and DNA. CNNB4
localized to centrosomes, unlike CNNhk21.
However, cnnB4 embryos had the linked-spindles
phenotype similar to cnnhk21 embryos.
(F and G) Wild-type and cnnB4 embryos were
stained for CNN, actin, and DNA. Note that
cnnB4 embryos form partially organized actin
structures, unlike cnnhk21, which lacks any actin
organization [6, 12].
that the major association between
these partners occurs at embryonic
centrosomes (see below) and thus
complicates coIP analysis given that
centrosomes, which are large organ-
elles, typically pellet at low g forces
during the preparation of lysates. Thus,
we were unable to detect a strong association between CNN
and CEN by IP.
CEN Localizes to Centrosomes and to Cleavage Furrows
We raised antibodies against the amino and carboxyl ends of
CEN in order to examine its expression pattern and localization
in embryos. CEN is expressed at high levels in ovaries and
early embryos and then drops to very low levels in late
embryos and in larval stages (Figure S7A). We also examined
the localization of CEN during early embryogenesis to deter-
mine whether it colocalizes with CNN at centrosomes. To
accomplish this, we used affinity-purified CEN antibodies, as
well as examined the localization of green fluorescent protein
(GFP)-tagged CEN fusion proteins expressed from trans-
genes. Immunofluorescent staining revealed that CEN is local-
ized to centrosomes in a unique and dynamic pattern. CEN
localized to a structure adjacent to centrosomes, with some
overlap with CNN at centrosomes (Figures 2D and 2E). At
late syncytial cleavage cycles, beginning at cycle 10, CEN
localized to a discrete particle between centrosome pairs at
interphase or early prophase (Figure 2D). Upon centrosome
separation at mitosis, the major CEN puncta segregated asym-
metrically with one of the two centrosomes. At mitosis, the
CEN dot associated with one centrosome per mitotic spindle.
The signal for CEN at this pericentrosomal particle was
dispersed at telophase (Figure 2D). The majority of mitotic
spindles showed this asymmetric pattern of CEN localization;
however, some figures showed localization to both centro-
somes, whereas, in others, neither harbored CEN puncta or
harbored only a weak signal (Figure 2D and Figure S8A). CEN
did not localize to centrosomes or other subcellular structures
in early embryos prior to cycle 10. CEN localized at
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mitosis of cycle 14 and thereafter, no signal for CEN was
detected in the embryo except in the germ cells (Figure S7C).
The asymmetric localization of CEN on spindles during blasto-
derm divisions was surprising given that no asymmetry has
previously been defined for these divisions. Whether CEN is
partitioning between centrosomes randomly or favoring the
older or younger of the two is unclear. Moreover, the pericen-
trosomal structure that CEN localizes to has not been previ-
ously defined.
In addition to the localization of CEN at the novel pericentro-
somal particle described above, CEN localized at cleavage
furrows (Figure 2E and Figure S8A). Localization of CEN at
centrosomes and cleavage furrows was detected with anti-
body staining directed at CEN and also with the CEN-CFP
and CEN-Venus fusion proteins (Figures 2D and 2E and
Figure S8A). Overexpression of CEN-CFP or CEN-Venus
resulted in symmetrical localization of CEN to both centro-
somes in a pattern that completely surrounds the centrosome
(Figure 2F). Overexpression of the CEN-Venus fusion protein
frequently resulted in assembly of smaller furrows at sites
where large CEN aggregates formed, and also caused nuclear
Figure 2. Centrosomin Motif 2 Associates with
Centrocortin, a Centrosome and Cleavage
Furrow Protein
(A and B) In yeast two-hybrid assays that assess
activation of b-galactosidase (A) and HIS3 tran-
scription (B), CM2 associates with CEN. This
association is weak with CM2 bait containing
the point mutation found in cnnB4. The yeast
spots in (B) are 10-fold serial dilutions of the
indicated cultures.
(C) Schematic illustration of Centrocortin,
showing the position of the piggybac transposon
insertion (f04787) located within codon 290.
Human CDR2L and CDR2 are shown for compar-
ison. The conserved 110 amino acid domain is
underlined in green, with the degree of identity
and similarity within this domain indicated. The
positions of predicted coiled coils and leucine
zippers are shown. The regions used for gener-
ating antibodies are underlined in black.
(D) CEN is localized dynamically to a particle that
sits next to centrosomes. In early mitosis, when
centrosomes are separating, CEN is localized in
between the two centrosomes (prophase), as
centrosomes separate, the CEN particle segre-
gates with one centrosome and becomes asym-
metrically distributed on the mitotic spindle to
one centrosome (metaphase). By telophase, the
signal at centrosomes is dispersed. The scale
bar represents 10 mm.
(E) CEN localizes to furrows. In addition to local-
ization near centrosomes (left), CEN-CFP local-
ized to furrows (right, 2-mm-deeper confocal
image slice from same embryo image on the left).
(F) Overexpression of CEN results in localization
to both centrosomes. Embryos in interphase
(left) and mitosis (right) display ectopic localiza-
tion to interphase centrosomes and symmetri-
cally to both centrosomes when overexpressed
from a CEN-Venus transgene.
fall-out (not shown), similar to the furrow
defects seen in cen mutant embryos
(Figure S9B). Interestingly, the cen
mRNA was reported recently to also
localize near or at centrosomes [15], prompting the compelling
possibility that the translation of cen mRNA is regulated at this
site [16–18]. Thus, CEN localizes to a novel structure that sits
adjacent to centrosomes, with the CEN and CNN signals co-
localizing at the point of contact. Unlike CNN, however, CEN
also localized at the cleavage furrows (Figure 2E and Fig-
ure S8A). These sites of localization implicate CEN as a
conveyor of the signal transmitted from the centrosome to
the furrow.
CEN Regulates Cleavage Furrow Assembly
To address the role of CEN in early embryos, we examined the
phenotype of a cen mutant. A piggybac transposon insertion
mutation within the coding sequence of cen at amino acid
position 290 was available for this analysis (Figure 2C) [19].
Maternal effect cen mutant embryos, collected from hemizy-
gous cenf04787 mutant mothers [cenf04787 heterozygous with
a deficiency chromosome, Df(2L)Fs(2)KetRX32, which deletes
the cen locus], contained no detectable CEN protein by
western blotting with antibodies directed against either the C
or N terminus of CEN (Figure 3A). A truncated protein product,
predicted by the site of insertion of the transposon to be at
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940Figure 3. Centrocortin Is Required for Proper
Cleavage Furrow Assembly
(A) Western blot of lysates from wild-type
and cenf04787 ovaries. A prominent band of
w100 kDa mobility for CEN is found in wild-type
ovaries and embryos (not shown, see
Figure S7A). In cenf04787/Df ovaries, no specific
band is detected with CEN antibodies (both N
and C terminus specific). CEN protein expressed
from the rescue transgene in cenf04787 mutant is
also shown.
(B and C) cen mutant embryos display spindle
fusion defects in cleavage (C). Wild-type
embryos show regularly spaced spindles by
comparison (B).
(D and E) cen mutant embryos display defects in
actin organization into cleavage furrows. As
shown in (D), wild-type embryos display discrete
furrows surrounding each mitotic figure (surface
view on top, side view to show furrow depth
below). As shown in (E), actin is poorly organized
into furrows in cen mutant embryos, with furrows
less defined, often incomplete (indicated by
arrows, top), and furrows frequently have
reduced depth (indicated by arrows, bottom). In
addition, spindle or astral microtubules are
observed to traverse disorganized cleavage
furrows (indicated by arrowheads, top).
(F) cen mutant embryos hatch at a lower rate. cen
mutant embryos show a significantly higher
unhatched rate of 8.70% 6 0.50% (mean 6
SEM) compared to wild-type embryos (4.29% 6
0.42%) (***p = 0.0005). A single copy of cnnhk21
null mutation increases the unhatch rate of cen
mutant embryos from 8.70% 6 0.50% to
17.89%6 2.21% (**p = 0.0067). Four independent
experiments were conducted and total embryos
counted were 2005, 2000, and 1914 for wild-type,
cen mutant, and cen cnn/Df(2L)Fs(2)KetRX32 +
embryos, respectively.least 33 kDa, was also not detected with the antibody directed
against the amino terminus of CEN, which was raised against
a polypeptide included within this truncation (Figure 2C).
Moreover, no CEN signal was detected at centrosomes or
furrows in cenf04787 embryos upon immunostaining with CEN
antibodies (data not shown).
Homozygous and hemizygous cenf04787 mutants were viable
and fertile. However, hemizygous cenf04787 females laid eggs
that failed to hatch at a significantly higher rate of 8.70% 6
0.50% (mean 6 SEM) compared to wild-type females
(4.29% 6 0.42%) (p = 0.0005) (Figure 3F). A cen transgene
that expresses a cen cDNA (see Figure 3A for expression),
including the entire coding sequence with the 50 and 30 UTRs,
rescued this hatch rate deficiency to the levels seen with wild-
type females (5.67% 6 1.44% versus 4.03% 6 0.26% in wild-
type) (p = 0.3270). Together, these data show that cenf04787 is
a cen mutation that reduces its expression to an undetectable
level and affects embryonic development maternally.
To investigate CEN’s role in centrosome and cleavage
furrow function, we immunostained hemizygous maternal
cenf04787 mutant embryos, hereafter referred to as cenf04787
embryos, for CNN, a-tubulin, and filamentous actin to examine
centrosome and cytoskeleton organization during cleavage. In
cenf04787 embryos, mitotic spindles were frequently linked
together (Figure 3C), a phenotype also characteristic of cnnmutant embryos, as well as an indication of furrow assembly
failure. Although the severity of linked spindles is variable
among cenf04787embryos (Figure 3C shows a severe case),
this phenotype is highly penetrant, with 30.77% (16/52) of
metaphase cenf04787 embryos showing linked spindles,
compared to wild-type embryos (2.44% [1/41]). Actin staining
showed that furrows form aberrantly, are consistently less
robust, and have decreased furrow depth in cenf04787 embryos
(Figure 3E). Actin organization into pseudocleavage furrows
displayed variable degrees of disruption in cenf04787 embryos;
however, overall 27.85% (22/79) of cenf04787 embryos dis-
played broken or weak furrows at prophase or metaphase
compared to 0.91% (1/110) of wild-type embryos. In addition,
the distribution of actin density in furrows was frequently irreg-
ular in cenf04787 embryos (Figure S9A), and patches of small
furrows were common (Figure S9B). However, no obvious
effects on actin cap formation were observed at interphase
(Figure S9A). Thus, cenmutant embryos are deficient in mitotic
cleavage furrow assembly. Although the furrow defects and
linked spindles of cenf04787 embryos are w28%–31%, the
embryo hatch failure rate is w9%, only 5% higher than that
of the wild-type, thereby attesting to the ability of embryos
to cope with the furrow defects in cen mutant embryos, with
the likely exception of those with very severe defects like the
embryo shown in Figure 3C.
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to split symmetrically between the two centrosomes at
mitosis, no effect on furrow assembly was observed. This
suggests that the asymmetry of CEN distribution at mitosis
may not have any acute effect on furrow assembly. We
propose that CEN localization at centrosomes may function
early in mitosis to initiate a signaling process that is required
as furrow assembly proceeds, thus impacting furrow actin
assembly at mitotic furrows.
Recycling endosomes (REs) have a defined role in the
trafficking of actin- and membrane-containing vesicles to
organize cleavage furrows [20–22]. To investigate an impact
on RE function in cenf04787 embryos, we stained for the RE
markers Nuf and Rab11, which localize to REs that are distrib-
uted in a pericentrosomal pattern. Localization of neither of
these RE components nor the Dystrophin ortholog and furrow
membrane protein Dah [23], which is very sensitive to pertur-
bations of RE activity [21, 22, 24], was affected by loss of
CEN function (Figure S10). Given that the REs activate Rho1
at furrows through RhoGEF2 recruitment to promote actin
assembly [21, 22], it therefore appears that CEN promotes
actin assembly at furrows by a Rho-independent pathway.
The cleavage furrow defects seen in cenf04787 embryos are
probably not due to microtubule assembly defects because
the astral microtubules in cenf04787 embryos are comparable
to those in the wild-type (Figure 3E and Figure S11). Moreover,
the pericentrosomal localization of Nuf and Rab11 are depen-
dent upon microtubules [11]; yet their localization appeared to
be normal in cenf04787 embryos.
The phenotypes seen in cenf04787 embryos are consistent
with CEN functioning in conjunction with CNN in the early
embryo: mutations in cnn cause defective furrow assembly
[6, 7, 12]. However, the defects in these processes in
cenf04787 embryos are not as severe as those that occur in
cnn mutants, including the hypomorphic cnnB4 mutant. This
suggests that CEN may not be the only factor involved in
conveying the signal from the CM2 domain of CNN to cleavage
furrows. Nevertheless, given that CNNB4 localizes to centro-
somes, albeit with an altered PCM pattern, we examined the
ability of CEN to localize to centrosomes in cnnB4 embryos.
Consistent with the yeast two-hybrid interaction assay, CEN
failed to localize detectably at cnnB4 centrosomes and yet
was localized variably at furrows during early cortical cycles
(10 and 11) (Figure S8B), but not at the residual patches of
furrows that form at later cycles (12 and 13) in cnnB4 embryos.
Because the interaction of CEN and CNNB4 is reduced but not
abolished (Figures 2A and 2B), it is possible that some CEN is
localized to centrosomes and that this facilitates the inefficient
localization to cnnB4 furrows. Alternatively, CEN association
with CNN may be required for its activation prior to its action
at furrows to promote actin assembly.
Together, these data indicate that the conserved domain at
the C terminus of CNN is critical for cleavage furrow formation
and for recruitment of CEN to centrosomes. However, because
furrow defects in the cen mutant are not as severe as cnnB4,
CEN is unlikely to be the only factor involved in the regulation
of furrow formation by CNN CM2. In summary, CNN CM2
instructs cleavage furrow formation and appears to accom-
plish this in part through the recruitment of CEN to the centro-
some and/or directing it to the cleavage furrow.
Genetic Interaction between cen and cnn
To test the cooperative functions of CNN and CEN, we exam-
ined the ability of mutations in cnn to influence cen. A singlecopy of a null cnn mutant, cnnhk21, enhanced the rate of
embryo hatch failure from cen04787 / Df(2L)Fs(2)KetRX32
females from 8.70% 6 0.50% to 17.89% 6 2.21% (mean 6
SEM) (p = 0.0067) (Figure 3F). The control cnnhk21/+, Df(2L)
Fs(2)KetRX32/+, cen04787 +/+ cnnhk21, and Df(2L)Fs(2)
KetRX32 +/+ cnnhk21 females produced wild-type embryo hatch
rates (2%–5%). In all experiments, females were mated to
wild-type males. This significant decrease in embryonic devel-
opment shows that cnn and cen interact genetically; such
a result is further evidence that CNN and CEN cooperate in
a common pathway.
In conclusion, the CM2 domain of CNN is required for the
signaling from the centrosome to instruct cleavage furrow
assembly at the embryonic cortical membrane. CM2 accom-
plishes this through binding with CEN, which is required for
efficient cleavage furrow formation. Thus, the CM2 domain of
CNN and CEN represent a molecular link between centro-
somes and the signals that regulate cleavage furrow
assembly.
Experimental Procedures
Plasmids, Fly Stocks, and Genetics
The cenf04787 mutant stock was obtained from the Bloomington Stock
center. The Df(2L)Fs(2)KetRX32 and Df(2L)DS5 stocks were a gift from Paul
Lasko (McGill University, Montreal). The cnnB4 mutant stock was a gift
from Eyal Schejter (Weizmann Institute of Science, Rehovot, Israel [6]).
The cnnhk21 allele was recombined with cenf04787 for double-mutant anal-
ysis. For construction of the untagged cen expression transgene, the
cDNA clone LD41224 was cut with BstXI and XhoI, made blunt, and ligated
into pBluescript SK vector cut with EcoRV. The cen cDNA sequence,
including 50 and 30 UTRs, was then cut with KpnI and XbaI ligated into
pUASp vector KpnI-XbaI sites. For expression of CEN-CFP and CEN-Venus,
CEN ORF sequence was PCR amplified and cloned into pENTR/TOPO
vector (Invitrogen) and recombined into Gateway destination vectors
pPWC and pPWV, respectively (Terence Murphy, The Drosophila Gateway
Vector Collection, Carnegie Institution of Washington, Baltimore, MD).
Transgenic lines were generated by standard methods. nos-Gal4VP16
was used for expressing pUASp-cen transgenes in ovaries and embryos.
The fluorescent signal from CEN-CFP and CEN-Venus was not detectable
in embryos by live imaging. However, expression of these fusion proteins
was readily detected with GFP antibodies by western blotting and with
immunofluorescence staining in fixed embryos.
Embryo Hatch Rate
cen mutant (maternal effect) embryos were collected from cen hemizygous
or homozygous mutant females. Df(2L)Fs(2)KetRX32 was used for generating
hemizygous mutant flies.
For hatch rate determination, embryos were collected for 4 hr and lined up
on apple juice/agar plates (450–550 embryos/plate), and unhatched
embryos were counted after 2 days’ incubation. At least three experiments
were conducted for each genotype. Statistical tests were two-tailed
Student’s t test and were considered statistically significant when p < 0.05.
Yeast Two-Hybrid Screen
CM2 bait included the C-terminal 67 amino acids of CNN cloned into
pBTM116. A Drosophila cDNA library in pACT2 (a gift from Stephen Elledge)
was used for interactor screening. We screened approximately 33 106 colo-
nies and recovered one clone, encoding amino acids 84–790 of cen.
Antibodies and Immunostaining
Antibodies to CEN, TACC, and Msps were raised in rabbits by Cocalico
Biologicals with 6XHis-tagged fusion proteins expressed from pRSETB
(Invitrogen) in E. coli from amino acid regions 2–307 and 259–686 of CEN,
191–583 of TACC, and 1024–1270 of Msps and purified by immobilized-
metal affinity chromatography with Ni2+Sepharose Fast Flow. The anti-
bodies to TACC, Msps, and the amino terminus of CEN were affinity purified
over Affigel-10 (Bio-Rad)- coupled protein columns.
Embryos fixed with heptane plus methanol were used for antibody stain-
ing as described [7] except for phalloidin staining, for which embryos were
fixed with heptane plus formaldehyde and the vitelline membrane were
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coverglass. Antibodies were diluted as follows: rabbit or guinea pig
anti-CNN (1:1000) [12], rabbit anti-CEN C terminus (1:1000), rabbit anti-CEN
N-terminus (affinity purified 1mg/ml, 1:500), affinity purified rabbit anti-Msps
(0.6mg/ml, 1:500), affinity purified rabbit anti-TACC (0.8mg/ml, 1:500),
mouse anti-g-tubulin (GTU88 from Sigma, 1:500), mouse anti-a-tubulin
(DM1A from Sigma, 1:1000), rabbit anti-GFP (Invitrogen, 1:1000), rabbit
anti-Dah (1:300, a gift from Tao-shih Hsieh, Duke University, Durham, NC),
rat anti-Rab11 (1:1000, a gift from Robert Cohen, University of Kansas, Law-
rence, KS), and rabbit anti-Nuf (1:500, a gift from William Sullivan, University
of California, Santa Cruz, Santa Cruz, CA). Phalloidin-Alexa546 (Invitrogen)
was used at 1:160 dilution. DNA was stained with DRAQ5 (Axxora) at
1:2000 dilution. Fluorescent secondary antibodies were highly crossab-
sorbed goat-conjugated Alexa 488 and 546 (Invitrogen) used at a 1:500
dilution. Images were captured on a Leica TCS SP2 confocal microscope
(Deerfield, IL) or with a Zeiss Axioskop Mot2 microscope equipped with
a 633/NA 1.4 oil immersion objective and a Coolsnap FX CCD camera
with Metamorph software.
Microtubule Regrowth Assay
Third-instar larvae of wild-type, cnnB4, and cnnhk21 were placed in ice-cold
Schneider’s insect medium for 30 min, and the larval brains were dissected
and placed on ice for 1 hr. Microtubules were disassembled after 1 hr of cold
treatment, and this was followed by a time-course recovery at room temper-
ature. The larval brains were then fixed and stained with anti-a-tubulin,
anti-CNN, and either Draq5 or anti-phospho-histone H3 (Upstate) [12].
Quantification of Fluorescence Intensity of CNN and g-Tubulin
at Centrosomes in Embryos
Confocal images were taken at the same settings for wild-type and cnnB4
mutant embryos. To quantify the fluorescence intensity of CNN or g-tubulin
at centrosomes, we drew identical circular regions around the centrosomes
to measure the signal intensities. Control regions were also drawn nearby
the centrosomes to subtract as background. The fluorescence intensity
(arbitrary units) was calculated with Leica TCS SP2 software. Thirty to forty
spots were counted per image field, and three different embryos were
counted for each genotype.
Supplemental Data
Supplemental Data include 11 figures and can be found with this article
online at http://www.cell.com/current-biology/S0960-9822(09)01036-7.
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